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FIG. 1 



(54) Abstract Trtle 

An equalization arrangement in which initial values which determine tap coefficients are adaptively chosen 

(57) In a waveform equalizer, a variable initial value 
providing block selectively determines an adaptive initial 
value by using a reproduced signal corresponding to ITI 
pre-amble data recorded on a track of a magnetic tape. 
The determined initial value is coupled to a tap coefficient 
generation block and used for producing initialized tap 
coefficients to be used at a transversal filter. By using the 
tap coefficients, the transversal filter performs waveform 
equalization of the reproduced signal to thereby produce 
an equalized output signal to a transmitter for the 
transmission thereof to a digital signal processor At the 
same time, the equalized output signal is fed to a level 
detection block and a amplitude error calculation block in 
order to execute feedback operation of the waveform 
equalizer. 
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FIG. 3 
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FIG. 5 

(PRIOR ART) 
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WAVEFORM EQUALIZER EMPLOYING AN ADAPTIVE INITIAL VALUE 



The present invention relates to a waveform equalizer 
suitable for use in an apparatus for recording and reproducing 
a digital information signal; and, more particularly, to 
waveform equalizer capable of performing a more rapid 
convergence of tap coefficients by using an adaptive initial 
value. 



in a magnetic recording/reproducing apparatus such as a 
digital video tape recorder (VTR) , there is employed a filter 
known as reproduction equalizer for obtaining, from the 
reproduced signal, data equal to the recorded digital data 
comprised of logic high and low levels, e.g., "1" and "0" 
bits . 

Referring to Figs. 6A and 6B, when the digital data as 
shown in Fig. 6A is recorded " on a magnetic tape, its 
reproduced signal results in a distorted form as depicted in 
Fig. 6B demonstrating an inter-symbol interference due to a 
. high speed data transmission over channels of limited 
bandwidth. As current reversal separation h decreases, the 
influence of the inter-symbol interference increases and, 
thereafter, a peak value of the reproduced signal 25 becomes 
smaller than that of an independent waveform 15. 



Accordingly, in order to recover the original digital 
data from the distorted reproduced signal, in a magnetic 
recording/reproducing apparatus for recording and reproducing 
a digital information signal through the use of a partial 
response method, a waveform equalizer containing a transversal 
filter is used- In such a filter, the reproduced digital 
information signal is adaptively adjusted according to the 
difference between an output of the filter and an estimated 
value thereof in order to suppress the inter-symbol 
interference of the reproduced digital information signal, the 
estimated value being obtained by mapping the output of the 
filter to one of predetermined values, e.g., ternary values. 
The outputs of the filter are then subject to a symbol 
decoder, e.g., Viterbi decoder, and an error correction 
device, e.g., RS (Reed Solomon) decoder. 

In a reproducing circuit of the aforementioned magnetic 
recording/reproducing apparatus, as shown in Fig. 5, a 
reproduced signal, obtained by scanning a magnetic tape T with 
an aid of a magnetic head H installed on a rotary drum (not 
shown), is amplified to a predetermined level by a pre- 
amplifier 10. The amplified signal is then converted into a 
digital signal by an analog-to-digital ( A/D ) converter 20. 
At the A/D converter 20, a direct current (DC) level is set 
for the digital signal and the level adjusted digital signal 
is supplied as a reproduced digital information signal to a 
waveform equalizer 50. 
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The waveform equalizer 50 includes a plurality of delay 
circuits 31 to 34 for sequentially delaying and outputting the 
reproduced digital information signal coupled to the waveform 
equalizer 50; multipliers 35 to 39 for multiplying the 
reproduced digital information signal and the outputs of the 
delay circuits 31 to 34 by tap coefficients; an addition block 
40 for summing up the outputs of the multipliers 35 to 3 9 and 
outputting the result as an equalized output signal; a level 
detection block 44 for determining a digital level of the 
equalized output signal by comparing the equalized output 
signal with predetermined thresholds; an amplitude error 
calculation block 46 for outputting an amplitude error of the 
equalized output signal with respect to its expectation by 
calculating the difference between the equalized output signal 
15 of the addition block 40 and a predetermined DC value 

corresponding to the digital level determined at the level 
detection block 44; a tap coefficient generation block 42 for 
providing adaptive tap coefficients based on the amplitude 
error, the reproduced digital information signal and the 
outputs of the delay circuits 31 to 34, wherein the tap 
coefficient generation block 42 produces tap coefficients 
initialized by an initial value when the waveform equalizer 

50 is actuated. 

As aforementioned, the above waveform equalizer 50 
25 automatically adjusts tap coefficients thereof to thereby 

provide a well-adjusted equalized output signal through the 
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use of feedback operation carried out by the level detection 
block 44, the amplitude error calculation block 46, and the 
tap coefficient generation block 42. Therefore, in order to 
obtain a - quick operation stability through the rapid 
convergence of the tap coefficients, it is essential that the 
initialization of the tab coefficients be performed by an 
appropriate initial value. 

Since, however, in the conventional magnetic 
recording/reproducing apparatus shown in Fig. 5, the initial 
value is predetermined as a fixed value, the determined value 
of the reproduced signal may result in an error and then 
eventually diverge if the initial value of the tab 
coefficients of the waveform equalizer is not appropriate or 
inter-symbol interference becomes severe due to a deteriorated 
frequency characteristic of the input signal. 

It is, therefore, a primary object of the invention to 
provide a waveform equalizer capable of producing an initial 
value reflecting the characteristics of a transmission channel 
to obtain a rapid convergence of tap coefficients. 

In accordance with the present invention, there is 
provided a waveform equalizer adopting a transversal filter 
for suppressing inter-symbol interferences in a transmitted 
digital information signal converted from a transmitted analog 
signal by summing up weighted values obtained by multiplying 



the transmitted digital information signal and delayed signals 
thereof by tap coefficients, the waveform equalizer 
comprising: an initial value providing block for determining 
a set of initial values based on the transmitted analog 
signal; a level detection block for determining a plausible 
digital information signal from an output of the transversal 
filter; an error calculation block for outputting an amplitude 
error calculated based on the outputs of the level detection 
means and the transversal filter; and a tap coefficient 
generation block for adaptively producing the tap coefficients 
by using the set of initial values, the amplitude error, the 
transmitted digital information signal and delayed signals 
thereof . 

The above and other objects and features of the present 
invention will become apparent from the following description 
of preferred embodiments given in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a block diagram of a waveform equalizer in 
accordance with the present invention; 

Fig. 2 shows a detailed block diagram of the adaptive 
initial value providing block '80 in Fig. 1; 

Fig. 3 illustrates the pulse width determination at the 
pulse width detection sector 82 in Fig. 2; 

Fig. 4 provides a schematic diagram showing data sequence 



recorded in one track; 

Fig, 5 offers a block diagram of a conventional waveform 
equalizer; and 

Figs. 6A and 6B represent input pulses and an output 
waveform corresponding to the input pulses. 

Hereinbelow, a preferred embodiment of the present 
invention will be illustrated with reference to the 
accompanying drawings. The same reference numerals are used 
for designating the same parts as those described above. 
Therefore, it can be understood that their operational 
characteristics are identical to each other. 

Referring to Fig. 1, there is provided a block diagram 
of a waveform equalizer in accordance with the present 
invention. The waveform equalizer implements waveform 
equalization by determining a plausible value of a digital 
information signal by using a peak detection algorithm. 

As shown in Fig. 1, a^reproduced analog signal is 
obtained, e.g., by a magnetic head H scanning a magnetic tape 
T, and supplied for a pre-amplif ier 10. 

At the pre-amplif ier 10, the reproduced analog signal is 
amplified to a predetermined level and the amplified signal 
is coupled to an A/D converter 20 and a waveform equalizer 70 
via a line L10 . 

The amplified signal fed to the A/D converter 20 is 



sampled and set to a direct current (DC) level. The level 
adjusted digital signal is transferred to the waveform 
equalizer 70 as a reproduced digital information signal. 

The waveform equalizer 70 of the present invention 
includes an adaptive initial value providing block 80 and a 
modified tap coefficient generation block 60 together with the 
devices such as the delay circuits 31 to 34, the multipliers 
35 to 39, the addition block 40, the level detection block 44, 
and the amplitude error calculation block 46 which are also 
included in the conventional waveform equalizer 50 in Fig. 5. 

The amplified signal transferred from the pre-amplif ier 
10 is inputted to the adaptive initial value providing block 
80 and the reproduced digital information signal coupled from 
the A/D converter 20 is fed to an input terminal of the first 
delay circuit 31. 

During the amplified signal is converted into a DC level 
rat the A/D converter 20, the adaptive initial value providing 
block 80 determines a set of initial values based on. the 
amplified signal fed thereto and provides the determined set 
of initial values to the tap coefficient generation block 60. 

In Fig. 2, there is shown a detailed block diagram of the 
adaptive initial value providing block "80 in accordance with 
the present invention, which contains a pulse width detection 
sector 82, a storage sector 84, and an initial value providing 
sector 86 . 

The pulse width detection sector 82 detects as a pulse 



width a full width at a half maximum of the amplified signal 
as shown in Fig. 3; and provides a largest pulse width Tw50 
to the initial value providing sector 86. 

The initial value providing sector 86 selects a set of 
initial coefficients corresponding to the largest pulse width 
Tw50 determined at the pulse width detection sector 82 from 
the storage sector 84 which has a . look-up table containing 
several sets of initial coefficients corresponding to various 
preset pulse widths which are differently sized with each 
other, and provides the selected set of initial coefficients 
as the set of initial values to the tap coefficient generation 
block 60 via a line L20 .- 

Each set of initial coefficients stored at the storage 
sector 84 is a set of experimental values which have been 
determined by repeatedly performing the operation of the 
waveform equalizer 70 while changing the values of initial 
coefficients on each of the preset pulse widths until finding 
optimum coefficients, wherein the waveform equalizer 70 can 
perform most rapid equalization by the optimum coefficients. 

In accordance with the embodiment of the present 
invention, in the above process of the adaptive initial value 
providing block 80, the set of initial values is detected 
based on a reproduced analog signal of ITI (insert and track 
information) pre-amble data containing track information, 
wherein the ITI pre-amble data has a unique bit stream 
according to a type of a track, e.g., one of FO , Fl and F2, 
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25 



although the bit stream is not shown herein. 

The ITI pre-amble data can be illustrated with reference 
to Fig. 4. In Fig. 4, there is shown a data sequence recorded 
in one track which contains an insert and track information 
(ITI) sector, an audio sector, a video sector, a subcode 
sector, and an overwrite margin sector. The ITI sector 
consists of an ITI pre-amble, a start-sync block area (SSA), 
a track information area (TIA), and an ITI post-amble. The 
data sequence is recorded and reproduced along the head 
direction indicated in the drawing. 

As can be seen with reference to Fig. 4, in accordance 
with the present invention, the largest pulse width Tw50 of 
the reproduced analog signal is determined from the reproduced 
analog signal of the ITI pre-amble data on a track and, upon 
receiving the largest pulse width Tw50 from the pulse width 
detection sector 82, the initial value providing sector 86 
fetches the set of initial coefficients from the storage 
sector 84 so as to provide it to the tap - coefficient 

generation block 60. 

in accordance with the embodiment of the present 
invention, the adaptive initial value providing block 80 is 
selectively activated according to tracks of the magnetic tape 
• T. ■ Therefore, the set of initial values- can or ' can not be 
selected and retrieved at every track. For instance, the set 
of initial values is regularly determined and provided to the 
tap coefficient generation block 60 at, e.g., every M number 
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of tracks, M being a positive integer. 

Referring back to Fig. 1, the reproduced digital 
information signal coupled from the A/D converter 2 0 to the 
waveform equalizer 70 is sequentially delayed at the delay 
5 circuits 31 to 34 by a predetermined amount while the adaptive 

initial value providing block 80 performs its operation as 
above. The reproduced digital information signal and the 
delayed outputs of the respective delay circuits 31 to 34 are 
inputted to the tap coefficient generation block 60 and the 
10 multipliers 35 to 39. 

The tap coefficient generation block 60 generates 
initialized tap coefficients or updated tap coefficients based 
on the set of initial values retrieved from the adaptive 
initial value providing block 80, an amplitude error from the 
15 amplitude error calculation block 46, the reproduced digital 

information signal directly coupled from the A/D converter 20 
and the delayed, outputs of the respective delay circuits 31 
to 34. That is to say, if the set of initial values is 
provided thereto, the tap coe'flicient generation block 60 
20 produces the initialized tap coefficients in response to the 

set of initial values and outputs them to the multipliers 35 
to 39 and, if otherwise, generates the updated tap 
coefficients according to a known coefficient-updating method 
by using the amplitude error, the reproduced digital 
25 information signal and the delayed outputs of the respective 

delay circuits 31 to 34 inputted thereto. The tap 
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coefficients derived at the tap coefficient generation block 
60 are fed to respective multipliers 35 to 39. 

The multipliers 35 to 39 multiply the reproduced digital , 
information signal and the delayed outputs of the respects 
delay circuits 31 to 34 by the outputs of the tap coeffic.ent 
generation block 60, i.e., the initialised tap coefficients 
or the updated tap coefficients, respectively. 

The addition block 40 sums up the outputs of the 
multipliers 35 to 39 to thereby supply the summed value as an 
equalized output signal. The equalized output signal from the 
addition block 40 is provided to the level detection block 44 
and the amplitude error calculation Mock 46 for the feedback 
operation and to a transmitter (not shown) for the 
transmission thereof to a digital signal processor and the 
like. The digital signal processor determines a binary value 
of the equalized output signal from the waveform equalizer 70; 
' performs reproducing operations such as error correction and 
deshuf fling etc. on the determined digita! signal; and then 
reconstructs the video and audio information contained xn the 
reproduced digital information signal. 

Meanwhile, the level detection block 44 determines an 
expectation level of the equalized output signal from the 
addition block 40, by comparing the equalized output s.gna! 
with predetermined thresholds, the expectation leve! being one 

, „r 1 o i and each ternary level 
of, e.g., ternary levels of -1, 0, i, 

■ i or ufllue A predetermined 

corresponding to a predetermined DC value. a p 
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DC value corresponding to the determined expectation level of 
the equalized output signal is provided to the amplitude error 
calculation block 46. 

The amplitude error calculation block 46 computes the 
amplitude difference or error between the equalized output 
signal from the addition block 40 and the predetermined DC 
value from the level detection block 44, and transfers it to 
the tap coefficient generation block 60 as the amplitude 
error . 

Consequently, the tap coefficient generation block 60 
produces new tap coefficients by using the amplitude error 
derived from the amplitude error calculation block 46, the 
reproduced digital information signal and the delayed outputs 
of the respective delay circuits 31 to 34 as described above. 
The newly produced tap coefficients are coupled to the 
multipliers 35 to 39, respectively, in order to execute 
multiplication thereof. The tap coefficients are updated by 
the feedback operation illustrated above until a new set of 
initial values is inputted f rnrn~ the adaptive initial value 
providing block 80 to the tap coefficient generation block 60. 

In accordance with the present invention, during the 
initial value determination process is performed at the 
adaptive initial value providing block 80 based on the 
reproduced analog signal of the ITI pre-amble data, the 
operation of other circuits of the waveform equalizer 70 
except the adaptive initial value providing block 80 can be 



held by a system controller (not shown) 

While the present invention has been described with 
respect to certain preferred embodiments only, other 
modifications and variations may be made without departing 
from the scope of the present invention as set 
forth in the following claims. 



Claims: 

1. A waveform equalizer adopting a transversal filter for 
suppressing inter-symbol interferences in a transmitted 
5 digital information signal converted from a transmitted analog 

signal by summing up weighted values obtained by multiplying 
the transmitted digital information signal and delayed signals 
thereof by tap coefficients, the waveform equalizer 
comprising: 

10 an initial value providing means for determining a set 

of initial values based on the transmitted analog signal; 

a level detection means for determining a plausible 
digital information signal from an output of the transversal 
filter; 

15 an error calculation means for outputting an amplitude 

error calculated based on the outputs of the level detection 

means and the transversal filter; and 

a tap coefficient generation means for producing the tap 

coefficients by selectively usTng the set of initial values, 
20 the amplitude error, the transmitted digital information 

signal and the delayed signals thereof. 

2. The waveform equalizer as recited in claim 1, wherein the 
tap coefficient generation means produces the tap coefficients 
25 initialized by the set of initial values if the set of initial 

values is coupled thereto and, if otherwise, generates the tap 
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coefficients updated by the amplitude error, the transmitted 
digital information signal and the. delayed signals thereof. 

3. The waveform equalizer as recited in claim 2, wherein the 
5 initial value providing means includes: 

a pulse width detection means for detecting a largest 
pulse width among pulse widths at a half maximum of the 
transmitted analog signal amplitude; 

a storage means for containing several sets of initial 
coefficients corresponding to preset pulse widths which are 
differently sized with each other; and 

means for selecting . set of initial coefficients 
corresponding to the largest pulse width among the sets of 
initial coefficients stored at the storage means and providing 
the selected set o£ initial coefficients as the set of initial 
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values 



25 



4 . The waveform equalizer as recited in claim 3, wherein each 
set of initial coefficients stored at the storage means is a 
set of experimental values which have been determined by 
repeatedly performing the operation of the waveform equalizer 
while changing values of initial coefficients on. each of the 
preset pulse widths until finding optimum coefficients, 
wherein the waveform equalizer can achieve equalization most 
rapidly by the optimum coefficients. 
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5. The waveform equalizer as recited in claim 3, wherein the 
pulse width detection means detects the largest pulse width 
from the transmitted analog signal corresponding to ITI pre- 
amble data recorded on a track of a magnetic tape. 

6. The waveform equalizer as recited in claim §, wherein the 
initial value providing means is selectively activated 
according to tracks of the magnetic tape. 

7. The waveform equalizer as recited in claim 6, wherein the 
initial value providing means is regularly activated at every 
M number of tracks, M being a positive integer. 

8. The waveform equalizer as recited in claim 7, wherein the 
transversal filter is held while the initial value providing 
means determines the set of initial values. 

9. A waveform equalizer substantially as described herein 
with., reference to Figures. — .1.-4, 6a and 6b of the 
accompanying drawings. 
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